Background: Infectious complications frequently occur after cardiac arrest and may be even more frequent after therapeutic hypothermia. Pneumonia is the most common infectious complication associated with therapeutic hypothermia, and it is unclear whether prophylactic antibiotics administered during this intervention can decrease the development of early-onset pneumonia. We investigated the effect of antibiotic prophylaxis on the development of pneumonia in cardiac arrest patients treated with therapeutic hypothermia. Methods: We retrospectively reviewed the medical records of patients who were admitted for therapeutic hypothermia after resuscitation for out-of-hospital cardiac arrest between January 2010 and July 2015. Patients who died within the first 72 hours or presented with pneumonia at the time of admission were excluded. Early-onset pneumonia was defined as pneumonia that developed within 5 days of admission. Prophylactic antibiotic therapy was defined as the administration of any parenteral antibiotics within the first 24 hours without any evidence of infection. Results: Of the 128 patients admitted after cardiac arrest, 68 were analyzed and 48 (70.6%) were treated with prophylactic antibiotics within 24 hours. The frequency of early-onset pneumonia was not significantly different between the prophylactic antibiotic group and the control group (29.2% vs 30.0%, respectively, p = 0.945). The most commonly used antibiotic was third-generation cephalosporin, and the class of prophylactic antibiotics did not influence early-onset pneumonia. Conclusion: Antibiotic prophylaxis in cardiac arrest patients treated with therapeutic hypothermia did not reduce the frequency of pneumonia.
Introduction
Infection is a common complication in patients admitted to the intensive care unit (ICU) after out-of-hospital cardiac arrest (OHCA), [1] [2] [3] [4] and previous studies have determined that pneumonia was the most common infectious complication. [1, 4, 5] The lungs are prone to infection due to many factors, such as frequent mechanical complications in the upper airway and thorax after cardiac resuscitation, [6] unprotected airway, decreased mental status, emergent airway access, and prolonged mechanical ventilation. [7] Therapeutic hypothermia can improve neurological outcc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. comes and reduce mortality in resuscitated patients after OHCA [5, 8, 9] and is recommended for unconscious adult patients that are resuscitated after OHCA. [10] However, hypothermia can impair immune function by inhibiting the release of various inflammatory cytokines, suppressing leukocyte and phagocyte chemotaxis, and inducing insulin resistance and hyperglycemia. [10] [11] [12] A few studies have recently suggested that therapeutic hypothermia might increase infectious complications in OHCA patients. [3, 13, 14] However, there is limited data on the impact of antibiotic prophylaxis during therapeutic hypothermia and the effect on infection in resuscitated patients. Although a recent study reported that prophylactic antibiotics were associated with a reduced incidence of pneumonia, there was a lack of information about the timing of pneumonia. [15] It is unclear whether prophylactic antibiotics actually reduce early-onset pneumonia in OHCA patients treated with therapeutic hypothermia.
Thus, we performed a retrospective cohort study to examine whether prophylactic antibiotics during therapeutic hypothermia can reduce episodes of early-onset pneumonia.
The purpose of this study was to investigate the effect of prophylactic antibiotics on the development of early-onset pneumonia in OHCA patients treated with therapeutic hypothermia.
Materials and Methods

1) Patients and hypothermia management
This retrospective cohort study included all patients admitted to the ICU in Boramae Medical Center after be- 
2) Data collections and outcomes
We retrospectively reviewed all medical records and data from our electronic medical records database. 
3) Statistical analysis
Proportions are expressed as percentages, and continuous data are expressed as medians with interquartile ranges. The
Mann-Whitney U test was used for quantitative variables, and the Chi-square test or Fisher's exact test was used to compare proportions. Binary logistic regression models were used to identify risk factors of early-onset pneumonia.
Two-tailed tests of significance were used, and p < 0.05 was considered significant. Statistics were calculated using SPSS 18.0 (SPSS Inc., Chicago, IL, USA).
Results
During the study period, 128 patients were admitted to the ICU for therapeutic hypothermia after cardiac arrest. patients had missing data. Therefore, 68 patients were included in the analysis. Table 1 shows the baseline characteristics of the 68 patients. The median age was 57 years, and 79.4% (n = 54)
were male. Most of the OHCAs were related to cardiac etiology (n = 48, 70.6%), followed by asphyxiation (n = 12, 17.6%). Prophylactic antibiotics were initiated in 48 (70.6%) of 68 patients, and these patients were regarded as the prophylactic antibiotic group. Initial white blood cell count was higher in the prophylactic antibiotic group. There were no other significantly different baseline characteristics between the prophylactic antibiotic group and the control group.
Among the 68 patients analyzed in this study, early-onset pneumonia occurred in 29.4% (n = 20), and the in-hospital mortality rate was 16.2% (n = 11) ( Table 2) showed that a hypothermia duration ≥ 24 hours might be associated with early-onset pneumonia, although this result Table 4) .
Outcomes including duration of ICU stay and mechanical
ventilator support, in-hospital mortality, and neurological outcome were not associated with development of earlyonset pneumonia (Table 5 ).
Discussion
In this study, prophylactic antibiotic therapy during hypothermia treatment in patients that survived after OHCA was not associated with reduced incidence of early-onset pneumonia. Additionally, it did not affect the duration of mechanical ventilation, the length of ICU stay, in-hospital mortality, or poor neurological outcome. [18] Infectious complications are frequent after cardiac arrest and may be even more frequent after therapeutic hypothermia. [3] Pneumonia is the most common type of infection associated with therapeutic hypothermia. [19, 20] Perbet et al. [13] reported that therapeutic hypothermia was the single independent risk factor that increased the risk of early-onset pneumonia (OR, 1.9; 95% CI, 1.28-2.80; p = 0.001). The incidence of early-onset pneumonia has been reported to range from 33% to 65% [3, 13, 21, 22] given the extreme variability of the diagnostic criteria used for this complication.
The incidence of early-onset pneumonia in this study was slightly lower than that reported previously. We excluded patients who presented with pneumonia after return of spontaneous circulation but before induction of therapeutic hypothermia, which might have contributed to the lower incidence of early-onset pneumonia. Currently, there is insufficient data to support the use of prophylactic antibiotic therapy after OHCA, although it is frequently used in practice. In the study performed by Perbet et al., [13] prophylactic antibiotics, defined as antimicrobial therapy prescribed in the first 12 hours in the absence of pneumonia, were administered to 176 (27%) of patients, and 78% were treated with therapeutic hypothermia. In that study, the incidence of early-onset pneumonia in patients with and without antibiotic prophylaxis was 68.2%
(120/176) and 64.3% (299/465), respectively. However, antibiotic prophylaxis did not influence the incidence of earlyonset pneumonia in that study (OR, 1.30; 95% CI, 0.88-1.92, p = 0.18). In contrast, another retrospective cohort study reported that prophylactic antibiotics were associated with a reduced incidence of pneumonia in cardiac arrest survivors treated with therapeutic hypothermia. [15] Prophylactic antibiotics were prescribed in 33% of patients, and pneumonia developed in 12.6% of patients with prophylactic antibiotics and 54.9% of patients without (p < 0.001). However, early-and late-onset pneumonia were not distinguished in that study. Thus, the efficacy of prophylactic antibiotics for early-onset pneumonia remains unclear.
Perbet et al. [13] reported that therapeutic hypothermia was the single factor associated with early-onset pneumonia, but that the duration of hypothermia did not affect the development of early-onset pneumonia. Conversely, another study reported higher risk of pneumonia when therapeutic hypothermia was used over a longer period of time (≥ 48-72 hours). [23] Polderman [24] reported that nosocomial infection appeared to be closely linked to a longer duration of hypothermia, especially hypothermia that persisted for > 24 hours. In the current study, patients with early-onset pneumonia were likely to have a longer duration of hypothermia, although this result was not statistically significant.
Because the duration of hypothermia could be a confounder of early-onset pneumonia, we performed subgroup analysis with patients whose duration of hypothermia was ≤ 24
hours. Among 38 patients with a duration of hypothermia ≤ 24 hours, the prophylactic antibiotics group showed fewer cases of early-onset pneumonia, although this result was not statistically significant (prophylactic antibiotics group, 21.4%; control group, 30.0%; p = 0.673). Therefore, additional study will be needed to analyze the effect of prophylactic antibiotics on the development of early-onset pneumonia with controlled duration of hypothermia in a large study population.
A previous study performed by Woo et al. [22] showed that postanoxic seizure developed in 48.8% (60/123) of patients treated with therapeutic hypothermia. They reported that postanoxic seizure was an independent risk factor of pneumonia after therapeutic hypothermia, and that aspiration during seizure triggered the occurrence of this complication.
The mechanism of early-onset pneumonia after OHCA may be primarily a consequence of the combination of aspiration pneumonitis and aspiration pneumonia. [18] In our study, the incidence of seizure in patients with early-onset pneumonia was higher than in those without, but the difference was not statistically significant. The incidence of seizure in our study was lower than that in the previous study by Woo et However, there were several limitations to our study.
First, it was a single-center retrospective study with only 68 patients, which could account for the lack of statistical power. Next, the definition of early-onset pneumonia is currently debated, and diagnosis of early-onset pneumonia after OHCA can be difficult due to confounding factors, such as sepsis-like syndrome after cardiopulmonary resuscitation and influences of therapeutic hypothermia. [25] In this study, early-onset pneumonia was defined based on the timing of onset in relation to cardiac arrest, with a previous study classifying early-onset pneumonia as pneumonia that develops within 3 to 5 days after cardiac arrest. [18] Because there is not currently a diagnostic consensus, we modified our study to adhere to the previously used definition. [18, 26] affected by hypothermia as well as infection or inflammatory processes. Finally, we could not evaluate aspiration of oro-pharyngeal or gastric contents, which has been considered a mechanism of early-onset pneumonia after OHCA.
[18]
In conclusion, prophylactic antibiotic therapy during hypothermia treatment in patients admitted to the ICU after OHCA did not reduce the incidence of early-onset pneumonia. Because of the limitations to this study, additional welldesigned prospective studies are needed to further evaluate the influence of prophylactic antibiotics on early-onset pneumonia.
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